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Changes in total and resin-extractable (available) 
phosphorus of the Clovelly soil as a result of an accidental 
fire in coastal fynbos at Pella were studied for 12 months. 
The fire caused an increase in pH from 4,6 - 5,3 and 
organic matter from 1,6 - 2% at the soil surface but these 
returned to pre-fire values within seven months. Total 
phosphorus levels did not change significantly immediately 
after the fire but a reduction occurred during the winter 
months (June - August). Resin-extractable phosphorus 
increased significantly but pre-fire levels were re-attained 
within four months after the fire. Soil temperatures of 
200 - 400°C appear to stimulate physical mineralization of 
bound phosphorus and this resulted in a release of resin-
extractable phosphorus in the soil. 
S. Afr. J. Bot. 1986, 52: 67 - 72 
Veranderinge in totale en harsekstraheerbare (beskikbare) 
fosfor in die Clovelly-grondvorm as gevolg van 'n onver-
wagte brand van kusfynbos by Pella is vir 12 maande 
bestudeer. Die brand het 'n toename in pH van 4,6 - 5,3 en 
in organiese materiaal van 1,6 - 2% in die grondoppervlak 
veroorsaak, maar die waardes het binne sewe maande 
teruggekeer na die voor die brand. Totale fosfor-
konsentrasies het nie onmiddellik na die brand betekenisvol 
verander nie, maar het gedurende die wintermaande 
(Junie - Augustus) afg~neem. Harsekstraheerbare fosfor het 
betekenisvol toegeneem, maar die waardes voor die brand 
is weer binne vier maande na die brand bereik. Dit blyk dat 
grondtemperature van 200 - 400°C fisiese mineralisasie van 
gebonde fosfor stimuleer en dit het tot die vrystelling van 
harsekstraheerbare fosfor in die grond gelei. 
S.-Afr. Tydskr. Plantk. 1986, 52: 67 - 72 
Keywords: Clovelly soil, fire, resin-extractable phosphorus, 
sand plain lowland fynbos, total phosphorus 
G. Brown and D.T. MitcheU* 
Department of Botany, University of Cape Town, 
Rondebosch, 7700 Republic of South Africa 
*To whom correspondence should be addressed 
Accepted 15 March 1985 
Introduction 
Fire through its effect on soil nutrients, is known to exert a 
profound influence on the growth of the vegetation (Wagle 
& Kitchen 1972) and is considered to be a major perturbation 
in mediterranean-type ecosystems including South African 
fynbos (Kruger 1983). Its role in nutrient cycling in the 
Californian chaparral, another mediterranean-type ecosystem, 
has been reviewed (Gray & Schlesinger 1981; Rundel 1983). 
While soil phosphorus has been considered to be one of the 
limiting factors for plant growth in South African fynbos and 
Australian heathlands (Groves 1983), the impact of fire on 
the phosphorus cycle has received very little attention (Rundel 
1983). The sandy soils of coastal fynbos of the south-western 
Cape are low in phosphorus, resembling soils of Australian 
heathlands rather than those of other mediterranean-type 
ecosystems (Mitchell et al. 1984). Coastal and mountain 
fynbos soils have been described as oligotrophic in being 
strongly leached and the vegetation consists of sclerophyllous 
shrubs and rush-like plants belonging to the Restionaceae 
(Specht & Moll 1983). 
This study was initiated as a result of an accidental fire 
of sand plain lowland fynbos at Pella, south-western Cape. 
Phosphorus cycling processes were being investigated at Pella 
and the burn provided an opportunity to extend these studies. 
The Study Area 
Studies were carried out at Pella (33°3l'S, 18°32'E; 160-220 
m altitude; 269 ha) 62 km north of Cape Town, South Africa. 
A full description of the Pella site was given in the studies 
of Mitchell et al. (1984) and Brown et al. (1984). The 
dominant soil type was the Clovelly form (shallow orthic A 
over a yellow-brown apedal B) classified according to 
MacVicar et al. (1977). Total soil depth was approximately 
two metres and particle sizes of the B horizon are given in 
Table 1. The B horizon was non-calcareous, dystrophic and 
essentially a medium sand and the soil therefore belonged to 
the Geelhout series according to MacVicar et al. (1977). Before 
Table 1 Particle size analysis of the B 
horizon of the Clovelly soil form at Pella 
0/0 of Total 
Coarse sand (2,0 - 0,5 mm) 1 
Medium sand (0,5 - 0,2 mm) 38 
Fine sand (0,2 - 0,02 mm) 60 
Silt (0,02 - 0,002 mm) 
Clay « 0,002 mm) trace 
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the fire, the study area consisted of two adjacent ages of 
vegetation burnt during 1960 and 1976 and these dates were 
estimated by ageing shrubs of Pro tea repens (L.) L. in both 
stands. The vegetation of the 1960 burnt area covered 24,5 ha 
of Clovelly soil and was dominated by shrubs of P. repens and 
P. burchellii Stapf which were approximately 1,5 - 2,0 m high. 
The area of Clovelly soil burnt during 1976 consisted of 
Leucospermum parile (Salisb. ex J. Knight) SweetlTham-
nochortus punctatus Pill. mid-high open shrubland using the 
classification of Campbell et al. (1981) and covered 25,7 ha 
with shrubs of L. parile being one metre high. Other important 
species in both stands of vegetation were Phylica cephalantha 
Sond. and Staberoha distachya (Rottb.) Kunth. The litter layer 
in both stands of vegetation covered approximately 121),70 of 
the soil surface. Prior to the accidental fire on 2 November 
1980, October was a dry month with a total monthly rainfall 
of 15 mm occurring on 1, 2 and 21 October. The fire was 
a moderate to severe burn fanned by a moderate south-easterly 
wind and burnt approximately 36070 of the Pella site. The 
intensity of the fire was assessed according to which size 
fractions of the vegetation had been burnt (Van Wilgen pers. 
comm.). 
Methods 
Soil sampling 
During October 1980 surface soil samples (0 - 25 mm) were 
randomly collected from open areas in stands of vegetation 
burnt during 1960 and 1976 after removal of the litter layer. 
Further soil sampling was undertaken in a 2 ha area which 
had previously been studied during April 1979 to October 1980 
(Mitchell et al. 1984). During October 1980 and immediately 
after the fire, ten circular hoops (0,125 m2) of galvanized iron 
were randomly placed, surface soil samples (0 - 10 mm) 
including either litter or charcoal and ash were taken and 
separated into> 2 and < 2 mm fractions by soil sieving. At 
fortnightly intervals from November 1980 to January 1981 
and then at monthly intervals from February to October 1981, 
three pits (l x 1 m) were dug randomly free from dis-
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turbances such as mole hills, erosion and termitaria. Soil 
samples were taken from the four faces of each pit at 0 - 25; 
> 25 -75; > 75 -125; > 125 -175 and> 175 -225 mm depths 
and were analyzed for organic matter, pH and total and resin-
extractable phosphorus. 
Vegetation analyses 
The vegetation regenerating after the fire in an area imme-
diately adjacent to the one used for the soil studies was 
sampled by means of ten fixed line transects each 10m long 
and one metre apart . All plants intercepting the lines were 
identified and measured for aerial canopy cover at monthly 
intervals after the fire. The percentage projected canopy cover 
and number of species were recorded. 
Fire simulation 
The effects of the fire on physical mineralization of phos-
phorus was simulated using high temperature soil incubation 
trials . Samples of fresh surface (0 - 5 mm) Clovelly soil from 
the area burnt during 1976 were collected during March 1980, 
thoroughly mixed and exposed to temperatures in the range 
of 50-600°C for 15 min. 
Soil analyses 
Each soil sample was thoroughly mixed and sieved through 
2 mm mesh. The> 2 mm fractions were ground in a Wiley 
Mill (40 mesh). Organic matter and total phosphorus were 
determined on air-dried soils using the methods of Hesse 
(1971). Resin-extractable phosphorus and pH were analysed 
on fresh soil. For total phosphorus, samples were heated at 
240°C for 90 min and then digested in concentrated hydro-
chloric acid for 30 min. The method of Sibbesen (1977) was 
used to determine resin-extractable phosphorus which is a 
measure of plant-available phosphorus. The Murphy & Riley 
(1962) method determined the soluble phosphate in solution. 
Soil pH was determined using the method of Schofield & 
Taylor (1955). Soil particle sizes of the B horizon were under-
taken on 2 mm sieved soil which was dispersed in Calgon 
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Figure 1 Variations in precipitation, mean air temperature (--- maximum, .-. minimum), organic matter and pH at the surface (0 - 25 mm) 
of Clovelly soil after the fire at Pella with vertical bars for organic matter and pH representing twice standard error . 
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(sodium hexametaphosphate with sodium carbonate to give 
pH 8,3 in 10070 aqueous solution) and the hydrometer of 
Bouyoucos described by Day (1965) was used. 
Statistical analyses 
Trends in soii phosphorus in relation to soil depth and time 
after fire were determined by inspection of 3-D graphs by a 
computer package which interpolated the points between the 
sampling depths as 0, 50, 100, 150 and 200 mm. Analysis of 
variance was computed to test for effects of depth and time 
after the fire and the Student's t test compared the post-fire 
results with those before the fire. 
Results 
Precipitation, mean monthly maximum and rrummum air 
temperatures, organic matter and pH at the soil surface 
(0 - 25 mm) immediately after the fire and during the period 
of study are presented in Figure 1. The observed seasonal 
variations in precipitation and air temperatures are typical of 
a mediterranean climate. Mean soil pH increased from 
4,6 - 5,3 during the first month after the fire and then returned 
to pre-fire values of 4,6 - 4,8 after seven months. There was 
a small increase from 1,6 - 2,0% in organic matter as a result 
of the fire but although there was a decline in organic matter 
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during July 1980, no significant fluctuations occurred during 
the 12 month post-fire period (Figure 1). Canopy cover and 
number of species increased during the six months after 
the fire (Figure 2) at a time when the vegetation was 
dominated by Poaceae (Ehrharta villosa Schultes f.) and 
Fabaceae (Aspalathus quinquefolia L. and Rafnia angulata 
Thunb.) with a number of Restionaceae e.g. T. punctatus, 
S. distachya and Willdenowia sulcata Masters resprouting. 
Twelve months after the fire, species of the Asphodelaceae 
(e.g. Trachyandra sp.), Asteraceae (Metalasia muricata (L.) 
D. Don), Rhamnaceae (P. cephalantha, P. stipularis L.) and 
the resprouted restioid species were the dominant ones. 
The changes in total and resin-extractable phosphorus 
within the> 2 and < 2 mm fractions of the soil surface are 
presented in Table 2. After the fire, the> 2 mm fraction was 
essentially charcoal. There was a slight but not significant 
increase in total phosphorus in both soil fractions but 62% 
came from the> 2 mm fraction (Table 2). A greater change 
occurred in resin-extractable phosphorus than in total 
phosphorus (Table 2). Total phosphorus in the < 2 mm 
fraction declined with depth from 36 - 40 Ilg g - 1 dry mass 
at the surface immediately after the fire to 24 Ilg g - 1 dry mass 
at 200 mm depth (Figure 3). There was a depression in total 
phosphorus throughout the ° -200 mm depth during June-
August (i.e. 7 - 9 months after the fire). Total phosphorus 
content varied significantly with time and depth during the 
12 months after the fire (Table 3). A comparison of soil 
samples collected from sites burnt 5 and 20 years previously 
with those collected one year after the rue in this study showed 
no decline in total and resin-extractable phosphorus and pH 
Table 2 Resin-extractable and total phosphorus 
concentrations (expressed as Ilg g - 1 dry mass ± SE) 
in the litter/charcoal/stone (> 2 mm) and 2 mm sieved 
fractions at the soil surface before (October 1980) and 
three days (5 November 1980) after the fire. Values are 
means of ten replicates ± SE and N.S. denotes not 
significant 
Total P 
> 2 mm 
<2 mm 
Resin-extractable P 
> 2 mm 
<2 mm 
12 
Before 
150,0 
40,3 
1,4 
1,4 
± 14,6 
± 5,1 
± 0,1 
± 0,6 
'" 50 ~ 
E 
30 '" , 
20 D-
o 
After p 
172,5 ± 3,5 N.S. 
54,1 ± 9,7 N.S. 
8,3 ± 0,6 0,001 
7,4 ± 1,3 0,001 
Figure 3 Variations in total phosphorus concentrations with time after fire, and soil depth in the < 2 mm fraction at Pella. 
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Table 3 Two way analysis of variance for resin-extractable and total 
phosphorus of the Clovelly soil (2 mm sieved) at Pella in relation 
to depth and time after the fire 
Resin-extractable P Total P 
F d.f 
Depth 10,00 4;557 
Post-fire 73,14 13;557 
Interaction 4,88 52;557 
(depth x post-fire) 
Table 4 Means ± SE (expressed as Jlg g -1 dry mass 
with number of samples in parentheses) of total and 
resin-extractable phosphorus concentrations and pH of 
the surface of the Clovelly soil at Pella at different times 
after a fire. Soil samples one year after the fire were 
collected during October 1981 whereas five and twenty 
year samples were taken during October 1980 
Total P Resin P pH 
1 year 32,2 ± 3,1(12) 1,0 ± 0,3(12) 4,7 ± 0,06(12) 
5 years 29,9 ± 2,5(6) 4,9 ± 0,4(6) 4,6 ± 0,03(6) 
20 years 29,1 ± 2,5(6) 1,5 ± 0,5(6) 4,7 ± 0,04(6) 
(Table 4). Resin-extractable phosphorus of the < 2 mm 
fraction declined from about 9 Jlg g - I dry mass at the soil 
surface after the fIre to 2,5 Jlg g - I dry mass after four months 
(Figure 4). Resin-extractable phosphorus varied significantly 
with depth and time during the 12 months after the fire 
(Table 3). The interaction between these two variables was 
significant (Table 3). 
Changes in resin-extractable phosphorus in unburnt soil 
incubated at 50-600°C are presented in Figure 5. Significant 
variations occurred between the temperatures 50 - 600°C 
(F = 5,54; d.f. = 11,47; P ::::;; 0,001). Mean resin-extractable 
phosphorus increased linearly between 50 - 400°C (y = O,013x 
+ 0,659; r = 0,863; n = 32; P ::::;; 0,001). There appeared to 
be a depression in resin-extractable phosphorus at tempera-
tures above 400°C. 
2 
r irn 6 
e (rnonrh 
sOffer 
f i re ) 
P F d.f P 
0,001 21,85 4;557 0,001 
0,001 12,18 13;557 0,001 
0,001 1,45 52;557 0,05 
Discussion 
The effects of fire on selected chemical variables in the 
Clovelly soil at Pella were to increase resin-extractable phos-
phorus and pH at the surface whereas total phosphorus did 
not change significantly. Resin-extractable phosphorus 
declined to pre-fire levels during the first four months after 
the fire. In a previous study undertaken during April 1979 
to October 1980 at Pella, both total and resin-extractable 
phosphorus varied seasonally at the soil surface with a 
pronounced increase in resin-extractable phosphorus during 
summer (Mitchell et at. 1984). Resin-extractable phosphorus 
was higher in the immediate post-fire soils compared with 
those collected during the same month (November) before the 
fire but both resin-extractable and total phosphorus levels 
between the pre-fire and post-fire soils were similar during 
the summer and autumn periods (Table 5). However, during 
the winter after the fIre there was a signifIcant depression in 
total phosphorus with a concomitant elevation in resin-
extractable phosphorus (Table 5). In the Adenostoma 
chaparral, total phosphorus levels were the same after the fIre 
but a gradual decline occurred during the subsequent months 
(Rundel1983). In another study on the chaparral vegetation, 
DeBano & Conrad (1978) were unable to offer an explanation 
for their decrease in total phosphorus although the levels in 
the ash/litter layer did increase. 
The physical release of available phosphorus in Figure 5 
within the range of surface soil temperatures reported by 
Taylor & Kruger (1978) for fynbos fIres (150 - 380°C) suggests 
that this may· be a contributing factor to the increase in soil 
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Figure 5 Resin-extractable phosphorus concentrations in unsieved 
Clovelly soil after incubation at a range of temperatures (50 - 600°C) 
for 15 min. Each point is a mean of four replicates and vertical bars 
represent twice standard error. 
Table 5 A comparison of total and resin-extractable 
phosphorus concentrations (expressed as I1g g- 1 dry 
mass ± SE with number of samples in parentheses) 
at the soil surface after the fire in this study with those 
of Mitchell et al. (1984) before the fire. N.S. denotes not 
significant 
Pre-fire Post-fire p 
Total P 
November 35,2 ± 3,9(4) 38,6 ± 3,1(6) N.S. 
December - February 35 ,1 ± 0,8(8) 34,9 ± 1,6(12) N.S. 
March-May 34,6 ± 4,5(8) 31,4 ± 1,5(6) N.S. 
June - August 36,9 ± 2,3(8) 23,9 ± 1,2(6) 0,001 
Resin-extractable P 
November 1,3 ± 0,5(4) 9,5 ± 1,7(6) 0,01 
December - February 5,3 ± 0,6(8) 7,4 ± 1,2(12) N.S. 
March-May 2,9 ± 0,7(8) 3,3 ± 0,4(6) N.S. 
June - August 1,0 ± 0,2(8) 2,6 ± 0,4(6) 0,01 
available phosphorus after fIre. The possibility of phosphorus 
being volatilized during a fire appears to be remote (Wells 
1971). Norton & McGarrity (1965) concluded that the soil 
temperatures during the burning of Australian native pastures 
would be unlikely to have a direct effect on soil organic matter 
and microbial populations. The reduction in total phosphorus 
during winter (7 - 9 months after the fire) at Pella indicates 
the possibility of phosphorus mineralization by microbial 
activity occurring in soils during the moist periods of the year. 
Between 50 - 100070 of phosphorus in above-ground live 
biomass and litter mass in mountain fynbos at 10nkershoek, 
Zachariashoek and Kogelberg, south-western Cape was 
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returned to the soil following a burn, accounting for an 
addition of between 0,59 - 6,47 kg P ha - 1 (Van Wilgen & 
Le Maitre 1981). DeBano & Conrad (1978) found that fIre 
in chaparral released disproportionately large amounts of 
nutrients from the vegetation even though only about 1,8070 
of the total phosphorus in the plants, litter and soil was in 
the plants before the fIre. Destruction by fIre of 66070 of 
standing plant biomass released 92070 of the stored phosphorus 
(DeBano & Conrad 1978). 
In conclusion, fire appears to have three major influences 
on the phosphorus status of the soils at Pella. Firstly, there 
is the initial combustion of both plant and above-ground litter 
causing an immediate elevation of soil available phosphorus 
after the fire. Secondly, physical mineralization occurs as a 
result of the high soil temperatures during the fIre . Thirdly, 
there appears to be a subsequent period during the winter 
period when the soil environment may be conducive to 
microbial release of bound phosphorus but this will have to 
be substantiated further. Fire is therefore a major factor in 
replenishing the soil phosphorus in coastal fynbos but input 
from bulk precipitation may also be a contributing one 
(Brown et at. 1984). 
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